Abstract: Non-point source pollution is widely considered a serious threat to drinking water. Eutrophication in Chinese watershed is mainly due to nitrogen and phosphorus output from agricultural source. Taihu Lake is a typical eutrophic lake in China, a basin representative for the study of the temporal-spatial characteristics of pollution loading of nitrogen and phosphorus to provide scientific basis for reasonable estimation and targeted control measures of nitrogen and phosphorus loss. Based on data from nitrogen and phosphorus loss in agricultural land, livestock breeding, domestic discharge and aquaculture, this study calculated the levels of nitrogen and phosphorus comprehensive loss risk for each pollution source. Using the superposition of ArcGIS raster data, we also described the spatial distribution of nitrogen and phosphorus comprehensive loss risk by the formula of comprehensive loss risk. The results showed that critical risk areas of nitrogen and phosphorus loss mainly originated from livestock breeding and agricultural land during flood period in Tiaoxi watershed. Agricultural land and livestock breeding sources formed major parts of nitrogen loss, accounting for 30.85% and 36.18%, respectively, while phosphorus loss mainly originated from livestock breeding (56.28%). During non-flood period, integrated management of livestock breeding and domestic discharge requires much attention to control nitrogen and phosphorus loss in the critical risk area. Finally, it is of great practical significance to propose spatial-temporal targeted measurements to control nitrogen and phosphorus pollution in watershed for various periods and different areas.
Introduction
Non-point source pollution has been considered one of the greatest threats to drinking water [1, 2] , and has received increasing attention in recent decades [3] . Load calculation of non-point source pollution is much more difficult than point source pollution, due to challenges such as the breadth, randomness, uncertainty and difficulty in monitoring [4] . In China, the key issue of water pollution is the eutrophication caused by non-point source pollution [5] . According to the first national pollution census bulletin, nitrogen and phosphorus outputs from Chinese agricultural source in watershed accounts for 57.19% and 67.27% of total nitrogen and total phosphorus pollution sources, area of 4576.4 km 2 . East Tiaoxi and West Tiaoxi are two major tributaries. The upper reaches of the Tiaoxi River flow through the low-hill region of western Zhejiang Province, and shows mountainous river features and land use types of bamboo and tea forest. The middle and lower reaches flow through plain landform, which features the plain river and land use type of paddy field, vegetable farmland and weeds. In Tiaoxi watershed, the annual average temperature is 15.5-15.8 • C and the average annual precipitation is 1460 mm, with the unbalanced temporal distribution for more than 75% of annual precipitation from April to September and less precipitation in non-flood period from October to March [21] .
Tiaoxi watershed has seven provincial-level economic development zones and extends across six county-level cities including Lin'an and Yuhang cities in Hangzhou metropolis and Deqing, Anji, Wuxing and Changxing cities in Huzhou metropolis. According to the statistical yearbook of each city in 2010-2011, this watershed has a population of 2.3 million and a population density of 403 people per square kilometer, which is a relatively developed region in Zhejiang Province, with regards to income of 54,292 RMB per capita. In recent years, with the rapid development of the social economy, the urbanization process of this rural area has further expanded, hence, contributing to the increase of livestock and aquaculture breeding within Tiaoxi watershed. Moreover, the problem of agricultural non-point source pollution has become more prominent, seriously affecting water quality and causing eutrophication of watercourse, which threatens the water-supply security and sustainable development of Tiaoxi watershed. Figure 1 shows the water system distribution of Tiaoxi watershed and sub-watershed divisions of study area, using the function of water system generation and watershed segmentation by SWAT model (Soil and Water Assessment Tool). We then extracted the landform from digital elevation model (DEM). Generated water system diagram was adjusted and supplemented by referring to rivers with land use types ( Figure 1a ) to ensure the accuracy of water system division. The study area was divided into 17 sub-watershed based on the above-mentioned regulations (Figure 1b) . reaches of the Tiaoxi River flow through the low-hill region of western Zhejiang Province, and shows mountainous river features and land use types of bamboo and tea forest. The middle and lower reaches flow through plain landform, which features the plain river and land use type of paddy field, vegetable farmland and weeds. In Tiaoxi watershed, the annual average temperature is 15.5-15.8 °C and the average annual precipitation is 1460 mm, with the unbalanced temporal distribution for more than 75% of annual precipitation from April to September and less precipitation in non-flood period from October to March [21] . Tiaoxi watershed has seven provincial-level economic development zones and extends across six county-level cities including Lin'an and Yuhang cities in Hangzhou metropolis and Deqing, Anji, Wuxing and Changxing cities in Huzhou metropolis. According to the statistical yearbook of each city in 2010-2011, this watershed has a population of 2.3 million and a population density of 403 people per square kilometer, which is a relatively developed region in Zhejiang Province, with regards to income of 54,292 RMB per capita. In recent years, with the rapid development of the social economy, the urbanization process of this rural area has further expanded, hence, contributing to the increase of livestock and aquaculture breeding within Tiaoxi watershed. Moreover, the problem of agricultural non-point source pollution has become more prominent, seriously affecting water quality and causing eutrophication of watercourse, which threatens the water-supply security and sustainable development of Tiaoxi watershed. Figure 1 shows the water system distribution of Tiaoxi watershed and sub-watershed divisions of study area, using the function of water system generation and watershed segmentation by SWAT model (Soil and Water Assessment Tool). We then extracted the landform from digital elevation model (DEM). Generated water system diagram was adjusted and supplemented by referring to rivers with land use types (Figure 1a ) to ensure the accuracy of water system division. The study area was divided into 17 sub-watershed based on the above-mentioned regulations (Figure 1b) . 
Nitrogen and Phosphorus Loss Index
Nitrogen and phosphorus loss system is a semi-quantitative evaluation method, which considers factors affecting nitrogen and phosphorus pollution in agricultural non-point source comprehensively, and evaluates nitrogen and phosphorus loss risk magnitude of different areas within watershed [10, 22] . Model indexes are divided into two categories: source factors and migration factors. Source factors of nitrogen and phosphorus are the same, and the migration factors are different. The migration factors of nitrogen are mainly soil texture and soil permeability while 
Nitrogen and phosphorus loss system is a semi-quantitative evaluation method, which considers factors affecting nitrogen and phosphorus pollution in agricultural non-point source comprehensively, and evaluates nitrogen and phosphorus loss risk magnitude of different areas within watershed [10, 22] . Model indexes are divided into two categories: source factors and migration factors. Source factors of nitrogen and phosphorus are the same, and the migration factors are different. The migration factors of nitrogen are mainly soil texture and soil permeability while surface runoff and soil erosion are the main migration factors for phosphorus [22] . Therefore, the confirmation of nitrogen and phosphorus source factors should be based on the realities of study area and suitable migration factors when using this index model, and then the corresponding weights should be endowed according to the contribution to nitrogen and phosphorus loss of each impact factor. The source factors and migration factors will be divided into several levels to calculate the nitrogen and phosphorus risk index according to corresponding grade values and specific rules [11, 23] . The value of weight is decided by local nitrogen and phosphorus loss and references to relevant reports and expert suggestions.
Calculation of Source Factors
Source factor system was mainly applied for the evaluation of nitrogen and phosphorus discharge intensity in each pollution source. Based on the categories of agricultural non-point source in watershed and loss characteristics, the primary non-point source in this watershed was mixing source, and the source factors of nitrogen and phosphorus discharge included agricultural land (including forest land), livestock breeding, aquaculture and domestic discharge [5, 24] . In this study, calculation of source factors in flood period (April-September) and non-flood period (October-March) were completed using the discharge coefficient approach. The formula and data sources are listed in Table 1 . Among these sources, most aquaculture waste water was discharged directly into surrounding rivers or aquaculture occurred directly in the rivers, thus the estimate of pollution discharge of aquaculture was calculated by discharge quantity uniformly, rather than distinguishing the two processes of pollution production and discharge. Table 1 . Source factors of nitrogen and phosphorus losses for agricultural non-point source pollution.
Formula
Parametric Description Data Sources
Agricultural Land
Q a : The total load of N and P from agricultural land (kg) Calculation result 
Domestic Discharge
Qr = ∑Q ri = Q r1 + Q r2 + Q r3 = ∑N × D × P ri × V ri × C ri × 10 −3 Q r1 , Q r2 , Q
Livestock Breeding
Q l = ∑N i × D × P li × V li × C li × 10 −3
Calculation of Migration Factors
Migration factor system is focused to evaluate the risk of nitrogen and phosphorus loss and the entrance into water by the effects of rainfall scouring in each pollution source [10] . The selection of these factors, covering soil erosion, surface runoff, soil permeability, soil texture and distance from river, is based on impact factors of nitrogen and phosphorus loss from each agricultural non-point pollution source and the nitrogen and phosphorus loss evaluation index widely used worldwide.
Soil erosion is one of the most significant factors in agricultural nitrogen and phosphorus loss, and is calculated by soil erosion formula method (USLE) [26] , the specific formula and calculation of which can been seen in an existing report [21] . Surface runoff is the primary hydrodynamic factor of soil nitrogen and phosphorus loss, and is calculated using the relationship formula of runoff and rainfall recorded by local hydrometric station during 30 years [25] . Soil permeability and soil texture play a vital role in both the output of nitrogen and phosphorus and the loss process of migration and transformation [10, 11] . The size of soil particles can affect the soil permeability and retention capacity of surface runoff; besides, the stability of soil structure is the main basis of soil erosion resistance ability [22, 27] . In particular, soil permeability factor is mainly applied for dissolved nitrogen and phosphorus. Nitrogen loss in Tiaoxi watershed is primarily dissolved status, where nitrate accounts for 59.3% of total nitrogen and is the main existing form of total nitrogen. The loss of phosphorus is mainly in particle status, accounting for 59.7% of total phosphorus, and is the primary composition of total phosphorus [20] . Therefore, the calculation of soil permeability factor usually refers to nitrogen loss. In this study, the classification of soil permeability factor and soil texture referred to corresponding reports with international classification of soil particle size [10, 28] ; relevant soil data were derived from Soil records of Zhejiang Province and Database of China Soil [29] . When the scale of pollution risk assessment of non-point source increased from field scale to watershed scale, the effect of distance between loss source and channel on the efficient input into water bodies was even more important, which is especially prominent for phosphorus loss in particle status, but less notable for nitrogen loss mainly in dissolved status [10, 28] . The calculation of distance factor was to obtain the distribution value of channel distance in Tiaoxi watershed through the distance analysis function of ArcGIS, based on the distribution of water system generated by digital elevation model (DEM).
Migration factors were evaluated by qualitative assessment and divided into five types of risk level according to the actual value of each migration factor: very low, low, medium, high and very high, which were endowed as 0.2, 0.4, 0.6, 0.8 and 1, respectively. The weight assignment of migration factors was primarily operated according to the existing nitrogen and phosphorus loss assessment system [10, 22, 27] , and modified according to local conditions of each source as well as expert opinions, which were finally normalized to make the sum of migration factor weight in the index system to be 1 ( Table 2 ). The migration factor of aquaculture was defined as 1 by default due to the particularity, where the river, lake and pond were used as cultivation areas and the nitrogen and phosphorus load produced in waters directly. 
Domestic Discharge and Livestock Breeding
Surface runoff depth (mm) 0.5 0.5 <500 500-900 900-1300 1300-1700 >1700 Contributing distance (m) 0.5 0.5 >8000 8000-6000 6000-4000 4000-2000 <2000
The migration factor of aquaculture = 1
Note: "-" indicates no such item factor.
Calculation of Nitrogen and Phosphorus Indices and Their Comprehensive Loss Risk Index
Nitrogen and phosphorus loss risk value for each pollution source is equal to the product of source and migration factors. Nitrogen loss comprehensive risk value and phosphorus loss comprehensive risk value are the sum of each risk value of pollution source, while nitrogen and phosphorus loss comprehensive risk value in watershed equals the mean value of normalized nitrogen risk and phosphorus risk.
(1) Nitrogen index calculation The calculation formula of nitrogen loss risk value in each pollution source is:
N si and N ti are the source and migration factor index of nitrogen in agricultural non-point source of Case i, respectively (calculated by Table 1 ). NW ij and NR ij are the weight and risk level value of migration factor in Case j that correspond to the source in Case i, respectively [28] .
(2) Phosphorus index calculation
The calculation formula of phosphorus loss risk value in each pollution source is:
P si and P ti are the source and migration factor index of phosphorus in agricultural non-point source of Case i, respectively (calculated by Table 1 ). PW ij and PR ij are the weight and risk level value of migration factor in Case j that correspond to the source in Case i, respectively [28] .
(3) Calculation on nitrogen and phosphorus comprehensive index
The calculation formula of nitrogen and phosphorus comprehensive loss risk value in each pollution source is:
N i1 and P i1 are the values of normalized nitrogen and phosphorus risk index, respectively [22] .
Results and Discussion

Risk Assessment of Nitrogen, Phosphorus Loss and Their Comprehensive Loss in Flood Season
Risk Assessment of Nitrogen Loss in Each Non-Point Source during Flood Season
In Figure 2 , during flood period, the nitrogen loss risk of agricultural non-point source in Tiaoxi watershed has a large difference in spatial distribution, and the distribution of nitrogen sources also varied. In particular, the sub-watersheds with high and relatively high risk of nitrogen loss from agricultural land were mainly distributed in the middle and lower reaches of West Tiaoxi and upper reaches of East Tiaoxi, where higher land reclamation level and more agricultural activities occur. Therefore, the distribution of intensive cultivated land and application of nitrogen fertilizer are the main reasons for the high nitrogen loss risk. Nitrogen loss risk of livestock breeding was mainly concentrated in the upper and middle reaches of East Tiaoxi. These areas are located in Deqing and Yuhang counties, where livestock breeding is comparatively developed. The dense distribution of river network also increased the risk of nitrogen loss from agricultural land and livestock breeding into the water. Nitrogen loss in domestic discharge was mainly distributed in the middle and lower reaches of watershed and the upstream of East Tiaoxi, where villages are densely distributed, and they are directly related to a lot of discharge of sewage and garbage. High and relatively high risk areas of nitrogen loss from aquaculture were concentrated in the lower reaches of West Tiaoxi around Taihu Lake and the middle reaches of East Tiaoxi. 
Risk Assessment of Phosphorus Loss in Each Non-Point Source during Flood Season
In Figure 3 , during flood period, the phosphorus loss risk of agricultural non-point source in Tiaoxi watershed had a large difference in spatial distribution, and is different from the distribution of nitrogen loss risk. The high and relatively high risk sub-watersheds of phosphorus loss from agricultural land were mainly distributed in the upstream of Tiaoxi watershed, where the dense distribution of agricultural land and the application of phosphate fertilizer were the important reasons for the high phosphorus loss risk. The distribution of phosphorus loss risk was similar to that of nitrogen loss risk in livestock breeding, and the critical risk areas are mainly concentrated in the upper and middle reaches of East Tiaoxi, with an intensive distribution of livestock breeding in Deqing and Yuhang counties. The distribution of phosphorus loss for domestic discharge was similar to that of nitrogen loss as well, mainly present in the middle and lower reaches of West Tiaoxi and the upstream of East Tiaoxi. As a result, the density of population is the primary factor affecting the nitrogen and phosphorus loss risk for domestic discharge. Phosphorus loss risk in aquaculture was similar with nitrogen, in that the dense river network and ponds provided convenient conditions for aquaculture in high risk area. Meanwhile, the main reason for nitrogen and phosphorus input in these areas is attributed to the large scale of aquaculture, especially the soft-shelled turtle culture. Based on the data of distribution of nitrogen and phosphorus loss in agricultural land, livestock breeding, domestic discharge and aquaculture, this study described the distribution of nitrogen and phosphorus loss risk in the watershed, using the superposition of ArcGIS raster data, and also described the distribution of nitrogen and phosphorus comprehensive loss risk according to Formula (3). Basically, in Figure 4 , for all pollution source of Tiaoxi watershed, the distribution of nitrogen and phosphorus comprehensive loss risk in major areas of watershed were low and relatively low risk region, which were widespread in West Tiaoxi catchment, while high and relatively high risk areas were mainly distributed in the part of East Tiaoxi catchment and the In Figure 3 , during flood period, the phosphorus loss risk of agricultural non-point source in Tiaoxi watershed had a large difference in spatial distribution, and is different from the distribution of nitrogen loss risk. The high and relatively high risk sub-watersheds of phosphorus loss from agricultural land were mainly distributed in the upstream of Tiaoxi watershed, where the dense distribution of agricultural land and the application of phosphate fertilizer were the important reasons for the high phosphorus loss risk. The distribution of phosphorus loss risk was similar to that of nitrogen loss risk in livestock breeding, and the critical risk areas are mainly concentrated in the upper and middle reaches of East Tiaoxi, with an intensive distribution of livestock breeding in Deqing and Yuhang counties. The distribution of phosphorus loss for domestic discharge was similar to that of nitrogen loss as well, mainly present in the middle and lower reaches of West Tiaoxi and the upstream of East Tiaoxi. As a result, the density of population is the primary factor affecting the nitrogen and phosphorus loss risk for domestic discharge. Phosphorus loss risk in aquaculture was similar with nitrogen, in that the dense river network and ponds provided convenient conditions for aquaculture in high risk area. Meanwhile, the main reason for nitrogen and phosphorus input in these areas is attributed to the large scale of aquaculture, especially the soft-shelled turtle culture. In Figure 3 , during flood period, the phosphorus loss risk of agricultural non-point source in Tiaoxi watershed had a large difference in spatial distribution, and is different from the distribution of nitrogen loss risk. The high and relatively high risk sub-watersheds of phosphorus loss from agricultural land were mainly distributed in the upstream of Tiaoxi watershed, where the dense distribution of agricultural land and the application of phosphate fertilizer were the important reasons for the high phosphorus loss risk. The distribution of phosphorus loss risk was similar to that of nitrogen loss risk in livestock breeding, and the critical risk areas are mainly concentrated in the upper and middle reaches of East Tiaoxi, with an intensive distribution of livestock breeding in Deqing and Yuhang counties. The distribution of phosphorus loss for domestic discharge was similar to that of nitrogen loss as well, mainly present in the middle and lower reaches of West Tiaoxi and the upstream of East Tiaoxi. As a result, the density of population is the primary factor affecting the nitrogen and phosphorus loss risk for domestic discharge. Phosphorus loss risk in aquaculture was similar with nitrogen, in that the dense river network and ponds provided convenient conditions for aquaculture in high risk area. Meanwhile, the main reason for nitrogen and phosphorus input in these areas is attributed to the large scale of aquaculture, especially the soft-shelled turtle culture. Based on the data of distribution of nitrogen and phosphorus loss in agricultural land, livestock breeding, domestic discharge and aquaculture, this study described the distribution of nitrogen and phosphorus loss risk in the watershed, using the superposition of ArcGIS raster data, and also described the distribution of nitrogen and phosphorus comprehensive loss risk according to Formula (3). Basically, in Figure 4 , for all pollution source of Tiaoxi watershed, the distribution of nitrogen and phosphorus comprehensive loss risk in major areas of watershed were low and relatively low risk region, which were widespread in West Tiaoxi catchment, while high and relatively high risk areas were mainly distributed in the part of East Tiaoxi catchment and the 
Risk Assessment of Nitrogen, Phosphorus Loss and Their Comprehensive Loss in Non-Point Source during Flood Season
Based on the data of distribution of nitrogen and phosphorus loss in agricultural land, livestock breeding, domestic discharge and aquaculture, this study described the distribution of nitrogen and phosphorus loss risk in the watershed, using the superposition of ArcGIS raster data, and also described the distribution of nitrogen and phosphorus comprehensive loss risk according to Formula (3). Basically, in Figure 4 , for all pollution source of Tiaoxi watershed, the distribution of nitrogen and phosphorus comprehensive loss risk in major areas of watershed were low and relatively low risk region, which were widespread in West Tiaoxi catchment, while high and relatively high risk areas were mainly distributed in the part of East Tiaoxi catchment and the downstream of Tiaoxi watershed. Thus, the spatial distribution of nitrogen and phosphorus loss risk of non-point source was discrepant. 
Contribution Values of Each Source in Critical Risk Areas of Nitrogen and Phosphorus Pollution Risk during Flood Period
To further understand the reasons for high risk in critical risk areas, pollution source contributions of nitrogen and phosphorus loss in critical risk areas were analyzed (Table 3) .
At critical risk areas of nitrogen loss, the nitrogen loss was mainly from agricultural land and livestock breeding, accounting for 30.85% and 36.18%, respectively. Among five sub-watersheds of nitrogen loss for critical risk areas, there were three sub-watersheds with agricultural land as the primary nitrogen loss source, and two sub-watersheds with livestock breeding. Domestic discharge and aquaculture occupied relatively low proportions of nitrogen loss risk within critical risk areas, accounting for only 17.67% and 15.29%, respectively.
At critical risk areas of phosphorus loss, phosphorus loss was mainly from livestock breeding (56.28%), and the primary phosphorus loss risk was as a result of livestock breeding in all six sub-watersheds of critical risk areas. Agricultural land, domestic discharge, and aquaculture occupied comparatively low proportions in phosphorus loss risk, accounting for only 14.38%, 15.92%, and 13.42%, respectively, of which the proportions were much lower than nitrogen loss risk of livestock breeding.
Overall, during flood season, the pollution risk source area of nitrogen and phosphorus were mainly from livestock breeding and agricultural land. Agricultural land and livestock breeding were the main nitrogen loss source, accounting for 30.85% and 36.18%, respectively. Primary phosphorus loss was mainly attributed to livestock breeding (56.28%). Table 3 . Contribution values of each source in critical risk areas of N and P loss during flood period. 
Sub-Watershed of Critical Risk Areas Contribution Values of Different Pollution Source during Flood Period (%) (Risk from High to
Contribution Values of Each Source in Critical Risk Areas of Nitrogen and Phosphorus Pollution Risk during Flood Period
Overall, during flood season, the pollution risk source area of nitrogen and phosphorus were mainly from livestock breeding and agricultural land. Agricultural land and livestock breeding were the main nitrogen loss source, accounting for 30.85% and 36.18%, respectively. Primary phosphorus loss was mainly attributed to livestock breeding (56.28%). As shown in Figure 5 , during the non-flood season, the nitrogen loss risk of agricultural non-point source in Tiaoxi watershed had a large difference in space and source distribution, but the spatial distribution of total nitrogen loss risk was similar to the pattern of flood season. The corresponding areas showed a certain amount of changes of risk level during non-flood period. In this distribution, the high and relatively high risk areas of agricultural land was lesser than that in flood period, but was still distributed mainly in the downstream of West Tiaoxi and the upstream of East Tiaoxi. It has been reported that the nitrogen and phosphorus pollution in agricultural land mainly stemmed from the application of fertilizer, and the amount of fertilizer used in non-flood period (autumn and winter) accounted for only 30 .2% of that in the whole year [12] , which led to the smaller value of source factor in agricultural land in non-flood period than that in flood period. In addition, during non-flood period, migration factors such as rainfall also had changed, and the migration of nitrogen and phosphorus would decrease. Thus, the total nutrient loss risk would decrease in agricultural land during non-flood period, while the high and relatively high risk areas of livestock breeding would increase. Previous research indicated that the production and discharge of nitrogen and phosphorus in excretion products such as feces and urine from hogs, sheep and rabbits in winter were much more than that in summer during the process of livestock breeding [16, 17] . This should be the main reason for the increase of nitrogen pollution risk during non-flood season. High risk areas of nitrogen loss for domestic discharge showed larger areas in non-flood season than in flood season, which is relevant to nitrogen discharge coefficient (daily emission amount per person) of domestic sewage and refuse during different periods. It has been reported that the concentration and discharge coefficient of nitrogen and phosphorus for domestic sewage in flood season were smaller than those in non-flood season [13, 14] . Besides, during the non-flood period, the influence of the major Chinese traditional festival-Spring Festival, whose activities lasts for half to almost one full month, gives rise to the remarkable increase of domestic sewage and garbage [15, 30] and also the primary reason for the nitrogen loss risk during non-flood season. However, for other non-point source, aquaculture was less influenced by flood and non-flood period, with no significant change of nitrogen loss.
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Risk Assessment of Nitrogen, Phosphorus Loss and Their Comprehensive Loss in Non-Flood Period
Risk Assessment of Nitrogen Loss in Each Non-Point Source during Non-Flood Season
As shown in Figure 5 , during the non-flood season, the nitrogen loss risk of agricultural non-point source in Tiaoxi watershed had a large difference in space and source distribution, but the spatial distribution of total nitrogen loss risk was similar to the pattern of flood season. The corresponding areas showed a certain amount of changes of risk level during non-flood period. In this distribution, the high and relatively high risk areas of agricultural land was lesser than that in flood period, but was still distributed mainly in the downstream of West Tiaoxi and the upstream of East Tiaoxi. It has been reported that the nitrogen and phosphorus pollution in agricultural land mainly stemmed from the application of fertilizer, and the amount of fertilizer used in non-flood period (autumn and winter) accounted for only 30 .2% of that in the whole year [12] , which led to the smaller value of source factor in agricultural land in non-flood period than that in flood period. In addition, during non-flood period, migration factors such as rainfall also had changed, and the migration of nitrogen and phosphorus would decrease. Thus, the total nutrient loss risk would decrease in agricultural land during non-flood period, while the high and relatively high risk areas of livestock breeding would increase. Previous research indicated that the production and discharge of nitrogen and phosphorus in excretion products such as feces and urine from hogs, sheep and rabbits in winter were much more than that in summer during the process of livestock breeding [16, 17] . This should be the main reason for the increase of nitrogen pollution risk during non-flood season. High risk areas of nitrogen loss for domestic discharge showed larger areas in non-flood season than in flood season, which is relevant to nitrogen discharge coefficient (daily emission amount per person) of domestic sewage and refuse during different periods. It has been reported that the concentration and discharge coefficient of nitrogen and phosphorus for domestic sewage in flood season were smaller than those in non-flood season [13, 14] . Besides, during the non-flood period, the influence of the major Chinese traditional festival-Spring Festival, whose activities lasts for half to almost one full month, gives rise to the remarkable increase of domestic sewage and garbage [15, 30] and also the primary reason for the nitrogen loss risk during non-flood season. However, for other non-point source, aquaculture was less influenced by flood and non-flood period, with no significant change of nitrogen loss. 
Risk Assessment on Phosphorus Loss of Non-Point Source during Non-Flood Season
The distribution of phosphorus loss risk during non-flood period was akin to that during flood period in Tiaoxi watershed ( Figure 6 ). Similar to nitrogen, the risk levels of corresponding areas were different in non-flood and flood period. In non-flood season, the phosphorus loss risk in agricultural land was reduced to a certain extent, but an opposite situation existed for livestock breeding and domestic discharge, while no significant variability was observed in aquaculture, which portended the temporal-spatial difference of nitrogen and phosphorus loss risk for agricultural non-point source. 
The distribution of phosphorus loss risk during non-flood period was akin to that during flood period in Tiaoxi watershed ( Figure 6 ). Similar to nitrogen, the risk levels of corresponding areas were different in non-flood and flood period. In non-flood season, the phosphorus loss risk in agricultural land was reduced to a certain extent, but an opposite situation existed for livestock breeding and domestic discharge, while no significant variability was observed in aquaculture, which portended the temporal-spatial difference of nitrogen and phosphorus loss risk for agricultural non-point source. In Figure 7 , the distribution of nitrogen, phosphorus and their integrated loss risk during non-flood period was similar to the pattern of flood period. The relatively high and high risk areas were still scattered mainly in parts of East Tiaoxi catchment and the downstream of this watershed, however, the whole regional risk was low. Therefore, the nutrition loss of non-point source has the characteristic of spatial-temporal differentiation in watershed. 
Contribution Values of Each Source in Critical Risk Areas for Nitrogen and Phosphorus Loss during Non-Flood Season
In Table 4 , the contribution sources of critical risk areas of nitrogen loss risk were mainly livestock breeding and domestic discharge, taking up 43.37% and 22.18%, respectively, during non-flood period. Among the four sub-watersheds of critical risk area of nitrogen loss, there were two sub-watersheds where the primary nitrogen loss sources were the livestock breeding and domestic discharge. Compared with flood season, the situation of nitrogen loss from livestock breeding and domestic discharge was prominent in non-flood period.
Among critical risk areas of phosphorus loss, most of phosphorus loss was from livestock breeding, representative of the primary pollution source in each sub-watershed of critical risk areas, accounting for 58.31% of the average source contribution. This was followed by the domestic discharge (22.06%), while aquaculture and agricultural land occupied the lowest proportions for phosphorus loss risk, only 14.53% and 6.87%, respectively.
Overall, during non-flood period, much attention must be paid to the integrated management of livestock breeding and domestic discharge in order to control the nitrogen loss of critical risk area. Moreover, the management of livestock breeding should also be combined with domestic discharge pollution when controlling the phosphorus loss in critical risk area. However, specific comprehensive management of nitrogen and phosphorus loss control in sub-watershed is supposed to be implemented in the primary areas of different sub-watershed in order to establish the pivotal measures of management and control for each pollution source. In Figure 7 , the distribution of nitrogen, phosphorus and their integrated loss risk during non-flood period was similar to the pattern of flood period. The relatively high and high risk areas were still scattered mainly in parts of East Tiaoxi catchment and the downstream of this watershed, however, the whole regional risk was low. Therefore, the nutrition loss of non-point source has the characteristic of spatial-temporal differentiation in watershed. In Figure 7 , the distribution of nitrogen, phosphorus and their integrated loss risk during non-flood period was similar to the pattern of flood period. The relatively high and high risk areas were still scattered mainly in parts of East Tiaoxi catchment and the downstream of this watershed, however, the whole regional risk was low. Therefore, the nutrition loss of non-point source has the characteristic of spatial-temporal differentiation in watershed. 
Overall, during non-flood period, much attention must be paid to the integrated management of livestock breeding and domestic discharge in order to control the nitrogen loss of critical risk area. Moreover, the management of livestock breeding should also be combined with domestic discharge pollution when controlling the phosphorus loss in critical risk area. However, specific comprehensive management of nitrogen and phosphorus loss control in sub-watershed is supposed to be implemented in the primary areas of different sub-watershed in order to establish the pivotal measures of management and control for each pollution source. Table 4 , the contribution sources of critical risk areas of nitrogen loss risk were mainly livestock breeding and domestic discharge, taking up 43.37% and 22.18%, respectively, during non-flood period. Among the four sub-watersheds of critical risk area of nitrogen loss, there were two sub-watersheds where the primary nitrogen loss sources were the livestock breeding and domestic discharge. Compared with flood season, the situation of nitrogen loss from livestock breeding and domestic discharge was prominent in non-flood period.
Overall, during non-flood period, much attention must be paid to the integrated management of livestock breeding and domestic discharge in order to control the nitrogen loss of critical risk area. Moreover, the management of livestock breeding should also be combined with domestic discharge pollution when controlling the phosphorus loss in critical risk area. However, specific comprehensive management of nitrogen and phosphorus loss control in sub-watershed is supposed to be implemented in the primary areas of different sub-watershed in order to establish the pivotal measures of management and control for each pollution source. 
Summary and Conclusions
Due to the changes of natural climate, hydrology and anthropogenic activities, the soil nitrogen and phosphorus have different source and migration factors during flood and non-flood seasons. This can be figured out using index system method to assess the spatial-temporal distribution characteristics of nitrogen, phosphorus loss and their comprehensive loss risk in Tiaoxi watershed with primary agricultural non-point source. Besides, the critical risk areas of nitrogen and phosphorus loss and their source contributions in Tiaoxi watershed can be identified. Accordingly, it is of great practical significance to propose spatial-temporal targeted measurements to control nitrogen and phosphorus pollution for the hilly-plain watershed in China.
According to the analyzed results in this context, during flood season, the critical risk sources of nitrogen and phosphorus loss in Tiaoxi watershed were dominated by agricultural land and livestock breeding. In addition, the nitrogen loss sources were mainly accounted for by agricultural land and livestock breeding (30.85% and 36.18%, respectively), while the phosphorus loss mainly came from livestock breeding (56.28%).
In the non-flood period, the high and relatively high risk areas of nitrogen and phosphorus loss for agricultural land was less compared to the flood period, but were still concentrated in the downstream of West Tiaoxi and the upstream of East Tiaoxi. For critical risk areas, livestock breeding and domestic discharge remained the major source of nitrogen loss, accounting for 43.37% and 22.18%, respectively, while the nitrogen loss from livestock breeding was more prominent in non-flood season. Meanwhile, the proportion of phosphorus loss from livestock breeding was remarkable, accounting for 58.31% of average source contribution, and represented the primary source for each sub-watershed of critical risk areas. Therefore, the loss of nitrogen and phosphorus from livestock breeding should be given attention in the non-flood season.
Based on the spatial distribution characteristics of nitrogen and phosphorus loss risk, we conclude that nitrogen and phosphorus loss risk was weaker in West Tiaoxi catchment than in East Tiaoxi catchment. N and P pollution in West Tiaoxi catchment was mainly concentrated at the middle and lower reaches and originated from agricultural land. In the upstream of East Tiaoxi, N and P pollution was mainly attributed to agricultural land, livestock breeding and domestic discharge, whereas for the middle reaches, these nutrients mainly emerged from livestock breeding and aquaculture. Based on this, we recommend that further studies should try to establish effective relationships between the loss sources and water quality whiles taking targeted measures to control N and P pollution according to their changes of loss risk in watershed.
